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APPENDIX C 
LIST OF DOCUMENTS SUPPLIED TO ANTICHOLINESTERASE PANEL 



Background on volunteer testing at Edgevood (use of volunteers 
In chemical agent research) 

Master file and literature references, anticholinesterase 
chemical » 



Be search and experimental case flit on volunteers (case report 
summaries, high dose and random samples) 

Anticholinesterase chemicals: digest-report 
Anticholinesterase chemicals: Karcjcmar publication 

LSD and Himstrartb reports (examples of prior long-tens toxicity 
evaluations) 

Human test protocols, Edgevood volunteer program 

Representative test protocols tt random-sample case report 
s urnma rie a 

Elements of final report, submitted by Panel members, dated 
January 21, 1982 

Complete list of volunteers (anticholinesterase chemicals) with 
volunteer numbers (not names), agents p doses, and dates of exposure 
identified; contains master file and reference file of Edgevood 
reports 

Mortality data evaluation 
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APPENDIX D 






LIST OP DOCUMENTS SUPPLIED TO ANTICHOLINERGIC PANEL 



Background on volunteer testing at Edgevood (use of 
volunteer s in chemical agent research) 

Master file and literature references* anticholinergic 
chemicals 

Research end experimental case files on volunteers {case 
report suaaaries, high dose samples) 

Anticholinergic chemicals: digest-report 

Anticholinesterase chemicals: Karczmar publication 

LSD and Mimsworth reports (examples of prior long-term 
toxicity evaluations} 

Human test protocols, Edgevood volunteer program 

Representative test protocols, summary of digest-report 
Investigation of two cases of reported flashback 

Elements of final report, submitted by Panel members, 
dated January 15 t 1982 

Complete list of volunteers (anticholinergic chemicals) 
with volunteer numbers (not names), agents, doses, and dates of 
exposure identified: contains master file and reference file 
of Edgevood reports 

Mortality data evaluation 
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APPENDIX E 






CASE-FILE DATA ON EDGEWOOD SUBJECTS* 



■ 



SU MHARY OF V OLUNTEER TESTING WITH GB (Al) 

A total of 246 subjects was tested with- CB under various 
conditions* Twenty-five subjects were selected for review, 
representing approximately 10Z of the test group. Selections were 
baaed upon the following criteria: 

No Treatment (9 subjects) 

Route: Intravenous (3.0 - 4.0 ug/kg) 9 subjects 

No symptoms 

Treatment (PAMCL) (9 subjects 

Dizziness, frontal headache % blurred vision lethargy, 
nausea, stomach pain/ vomiting- 

Treatment (7 subjects) 
Route: Intravenous (3.0 - 4.0 Mg/kg) CP2S) 2 subjects 

Intravenous (3.0 - 4.0 ug/kg) (THB4) 3 subjects 

Whole-body exposure to vapor (Atropine) 1 subject 

Whole-body exposure to vapor (Pyrbenzamine) 1 subject 
Rhlnorrhea, chest tightness, wheezing. 

SUMMARY OF VOLUNTEER TESTING WITH VX (A2) 

■• — ' — »■; — ■ 1 r 

A total of 740 subjects was tested under various conditions with 
VX. Seventy-five subjects were selected for review, representing 
10Z of the test group. Selections were based upon the following 
criteria; 

No Treatment (52 subjects) 
Route; Oral (single dose; 3*5 ME /kg) 1 subject 

Percutaneous (single dose; 5 -* 45 jig/kg) 22 subjects 
Oral (multiple dose) 29 subjects 



Routes 



Treatment (23 subjects 2-PAM, Atropine, Regltlne 
Intravenous (1.2;,- 2.0 jJg/k&) 7 subjects 

1 






Intramuscular 3 subjects 
Oral (4.25 - 4.5 ug/kg) 3 subjects 
Percutaneous (5.0 - 45 ug/kg} "10 subjects 
The vast majority of these subjects reportedly experienced 
little or no effect from the. drug. In 2 cases, the cholinegterase 
(RRC) level was less that 2QZ of normal in subjects that received 
multiple doses, but in each case the dosing was stopped and the 
cholinest erase levels returned to normal limits within 6-7 days post 
exposure* Ho visible effects of the drug were observed in any of 

these subjects* One subject (A2(BN)) received 30 ug/kg » 
percutaneausly, showed some effects^ (headache, nausea, ChE 15X of 
normal, nervous) and was treated with multiple doses of atropine and 
2-PAM * Subject recovered and RBC ChE was 974 of normal when 

discharged. 

Another subject (A2(&A>) received 1*5 Mg/kg intrivenouuly, 

I developed twitching (fasciculatlon?) of leg muscles, perspiration of 

palms and soles of feet 15 nin after Injection when RBC ChE was 872 



*This represents selection of high-dose subjects. A second set of 
record e of equal number was also procured, on the basis of random 

selection. 
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of normal (dropping to 17Z at lh). By 30 inin p hands and feet were 
cold and the eyee felt "heavy." A third subject (A2{&S)), who 
received 3.2 pg/kg intramuscularly, waa dizzy t nauseated, and very 
drowsy after 2h. Daring the next 10 hours, the subject lacked 
concentration and stared vacantly into apace- Slight dizziness and 
blurred vision persisted at 26h when he wan treated with 2-PAM and 
recovered* 

Some others reportedly experienced dizziness, llght-headedness, 
nausea, vomiting* "stiff jaw," headache, and ptosis lasting for at 
least 24h after exposure* 

SUMMARY OF VOLUNTEER TESTING WITH Ok (A3) 

A total of 26 subject a was tea ted undf*r various conditions with 
GA* Thirteen (13) aubjecta were selected for review, representing 
50Z of the teat group. Selections were ba&ed upon the following 

criteria! 

Treatment (10 aubjecta) 

Route i Intravenous (2*0 - 3*0 jig/kg}+(PAMCl, Pre treatment) 3 

subjects 
Intravenous (1*0 - 2*0 ug/lcg)+(PAi*Clp Post Treatment) 2 

subjects < 

Intravenous (3.0 ug/kg)+(P2S, Pre treatment) 1 subject 
Intravenous (3.0 Mg/kg)+(P2S> Post Treatment) 2 subjects 
Intravenous (3*0 ug/kg)+£PAMCl+TMB4 B Pre treatment) 1 

subject 
Intravenous (3.0 Mg/*tg) + {PAMCl+P 2 S t Pre treatment) 1 
subject 
All subjects responded to pre- or post -exposure treatment with 
FAMCl or P2S whan exposed to GF* ChE levels recovered after 
initial depression within 24 hours or less; they were approaching 
normal levels by 1 co 2 days post-exposure* Treatment with pahcI 

end P2S or PAMCl and THB4 did not alter or significantly improve 
the recovery. Hone of these aubjecta reportedly had any serious or 
prolonged effects from the drug. 

SUMMARY OF VOLUNTEER TESTING WITH GD (A3) 

A total of 83 subjects vas tested under various conditions with 
GD* . .Ten (10) subjects vers, selected for review , representing 
approximately 121 of the teat aubjecta. Selections were based upon 
the following criteria: 

No Treatment (4 subjects) 
Route i Percutaneous (8,5 -"?0 jJg/kg) 4 subjects 

Treatment (6 subject's)- Atropine f FAMCl, F? S, TMB-4 
Route t Intravenous (l.Q - 2.0 jig/kg) 6 subjects 

Bl ood* choline at erase measurements were made on the 4 aubjecta 
that received GO by the percutaneoua route. None of these subjects 
showed any significant decrease in their ChE levels over a 2-veek 
period* No complaints or severe effects reportedly were observed in 
any of the subjects tested by this route at the doses used- Two of 
the subjects who received GD by the Intravenous route, although 
treated with oxtae and/or atropine shoved significant decrease in 
the ChE leysle, and exhibited the "usual physiological responses" 
from this agent* tieakneae and nuacle contractions were also 
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experienced* They also developed persistent vomiting and nausea to 
, a point of dehydration* One subject was referred to Walter Reed 

Hospital for psychiatric observation and diagnosed for anxiety 
reaction, acute agitation and hysterical reaction; he was later 
released for duty. 

SUMMARY OF VOLUNTEER TESTING WITH DFP (A6) 



I 



— 



A total of 11 subjects vaa tested with DFP under various test 
conditions. Five (5) subjects were selected for review, 
representing approximately 452 of the test group. Selections were 
based upon the following criteria; ' 

No Treatment (1 subject) '*''' 
Route: Intramuscular (16*0 ug/kg) 1 subject 

Treatment (4 subjects) 
Route: Intramuscular (40 - 55 jig/kg)*<PAMCi) 3 subjects 

Intramuscular. (65 jig/kg) (PAMC1 ■+ Atropine) 1 subject 
(Weak, shaky knee*, dizziness, nausea, blurred vision, 
perspiration)* * 

SUMMARY OF VOLUNTEER TESTING wTTH EA 3148 (A7 ) 






A total of 32 subjects was tested under various conditions with EA 
3148- Sixteen (16) subjects were selected for review, representing 
50Z of the test group. Selections were based upon the following 
criteria: 

No Treatment (13 subjects) 

Route; Intravenous (0*7 -.1.15 ug/kg) 13 subjects 

Treatment (3 subjects) 
Route: Intravenous (0.7 pg/kg) (PAMC1) 1 subject 

Intravenous (1*15 ug/kg) (Scopolamine) 2 subjects 
Subjects with -large doses experienced a rapid, severe 

depression of RBC ChE ■ following agent administration* For example, 
volunteer #3799 (case #1385) , who received 1.15 ug/kg EA 3148, 
showed 22X of normal RBC GhE values at 15 min after dosing and OS 
after 48h; this recovered to 88% of normal at 7 2d post-exposure* 

Of the subjects £het received no additional treatment, two 
subjects who had received the highest dose (1*15 ug/kg) showed toxic 
signs with 5 to 8 minutes post -exposure •#- These subjects felt dizzy, 
weak, tired, sweating, with hands "and fee t vary moist, within 2 
hours post-exposure t these subjects reportedly were resting, eating 
well and feeling fine* Anorexia, poor sleep, fatigue, unusual 
dreams, dizziness, euphoria, blurred vision, increased salivation, 
restlessness are recorded in an Army report summarizing the 
experience with EA 3148 (CRDL. Tech- Memo 2-31). The report also 
notes one Individual whose schizoid personality seemed to be 
exaggerated by the drug. Four Individuals had decrements on the 
test of numerical facility. 

Subjects treated with FAUCI or Scopolamine did not have any 
severe drop in ChE, and there were no long lasting effects of the 
drug observed* 






. 
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SUMMARY OF VOLUNTEER TESTING WITH THA (A9). Tacrine 

A total of 15 subjecta vai tested under various conditions with 
THA* Five (5) subject* were selected for review, representing 
approximately 33% of the teat group. Selections were baaed upon the 
following criteria i 

No Treatment (2 subject*) 

Route! Intravenous (24 mg f total) 1 subject 

Oral (250 mg, total) 1 subject 

Treatment 13 subjects) 
Routes Oral (192-200 tag, total) (Atropine) 2 subjects 

Oral (250 mg, total) (PAMCl+Atropiae) 1 subject 
The subjects' blood chollnest erase levels were moult 
continuously, along with EEC, EKG, respiratory rate and volume with 
pneumotact, and blood pressure. There were no significant changes 
in the parameter* measured* Untreated subjects were asymptomatic at 
the dose levels given, and even though there was some drop in ChE 
(281 of normal) in plasma, the RBC ChE was unaffected. Subjects 
treated with atropine alone, or with PAM.C1 , responded well to relief 
of severe parasympathomimetic reactions. Ho residual effects of the 
drug reportedly vere observed in any of this subjects tested. 

SUMMARY OF VOLUNTEER TESTING WITH PHYSQSTIGMJNE (AlO) 

A total of 138 subjects was tested with phyaostigmine and 22 
were selected for review, representing approximately 161 of the test 
group. The criteria for selection was based upon the following: 
Dose, Route, Frequency and Treatment. 

No Treatment (6 subjects) 
Route: Intramuscular,, single dose (28.0 ug/kg) 2 subjects 

Intramuscular, multiple dose (15-30 ug/kg) 4 subjects 

Treatment (16 subjects) 
Route: Phyaostigmine in single (45 ug/kg) and multiple doses over 

1 to 2 days was administered intramuscularly In subjects 

that had been previously dosed with a variety of drugs 

such asi 

BZ (7,4 - 14.5 jig/kg) aerosol inhalation, 2 subjects 

3834 (2.0 mg) percutaneous, 1 subject 

Atropine (125 jig/kg) intramuscular, 3 subjects 

Prolixin (15-0 * 23*0 ug/kg) intramuscular, 6 subjects 

302668 (10.0 ug/kg) intravenous, 1 subject 

302196 (75.6jig/kg) oral, 1 subject 

TAB (90 mg total) intramuscular, 1 subject 

Pre treatment with methyl scopolamine (1*0 mg) 1 subject 
Only 2 subjects (AlQJ) and (A10K) who received doses of BZ and 
were subsequently treated with phyaostigmine, showed amy prolonged 
central effects (hallucinations, disorlentatlon b confusion) lasting 
4 to 6 days post-exposure* Both subjects were asymptomatic and 
appeared normal when discharged from test. One subject (A10-0) was 
exposed to Prolixin (23.0 jig /kg) sad then treated with multiple 
doses (1*0 mg x 7 doses) over a 2-day period, intramuscularly: At 
27 hours post-exposure, the subject complained of blurred viaion, 
and facial expression was mask-like, tongue "thick 1 " and jaws open- 
ly 28 hours postexposure, subject was having an oculo-gyric crisis, 
mouth to one side, end left foot tremulous and turned inward* 
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Subject was further treated with Cogent In, intravenously (1*0 mg an< 
1.3 tag), in two doses* Within 30 minutes peat-treatment, subject 
vae relaxed and dozing and, by 31 hours post-exposure, the subject 
appeared normal* At 50 hours post-exposure, the subject was 
asymptomatic and was discharged at 73 hours post-exposure with no 
complaints* 



' 



SUMMARY OF VOLUNTEER TESTING WITH PR0STK3IINE (All) 



- t 

A total of 27 subjects was tested with prostigmitie as a part of 
the esophageal motility studies . Seven (7) subjects were selected 
for review, representing ap proximately "26% of the test group. 
Selections were baaed upon the following criteria; 

Ho Treatment (1 subject) 
Route: Intramuscular (0*5 mg) 1 subject 

Treatment (6 subjects) 
Route; Intramuscular (1-5 mg) ( Atropine /PAMCl) 6 subjects 

The esophageal motility studies (EFF) were performed by the 
subjects before and after administration of the druf;* Ch£ levels 
were alao determined in many of the subjects* One (subject developed 
severe cramps in the abdomen, necessitating termination of the study 
(AllB). All other subjects reportedly tolerated all procedures very 
well* 






SUMMARY OF VOLUNTEER TESTING WITH HEXAFLUORENIUM fMylaxln R ) (A12) 

A total of 11 subjects was tested with Mylaxin as a part of an 
esophageal test. 11 Subjects were selected for review, representing 
100Z of the test group* Selections were based upon the following 
criteria* 

No Treatment (11 subjects) 

Route : Intravenous (0-4 nig /kg) 11 subjects 

The majority of subjects tested experienced a sensation of 
'warmness 14 in the stomach and nausea very shortly (2-10 minutes) 
after receiving the drug, followed by vomiting within 5-0.5 minutes* 
The plasma ChE levels In all subjects were depressed while RBC ChE 
levels were not significantly affected. Esophageal motility studies 
disclosed marked spasm of the lower 2/3 during deglutition. This 
coincided with depression of the plasma ChE. There were no 
prolonged or long-lasting effects reported in any of these subjects 
as a result of this drug* All subjects reportedly had recovered 
within 24 hours post-exposure. 

SUMMARY OF VOLUNTEER TESTING WITH MALATHIQK (A14) 

A total of 10 subjects was tested with 1*11 malathlon powder 
dusted over the entire body for up to ID days. Five (5) subjects 
were selected for review, representing 50Z of the test group. All 
of these subjects reportedly were asymptomatic and developed no 
signs of intoxication* One subject (A14A), showed low RBCChE which 
could not be ascribed to laboratory error; however, ehere were no 
other significant drops tfc this subject's ChE levels. All other 
subjects showed no significant decreases in cholines terase. 
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SUMMARY OF VOLUNTEER TESTING WITH MBTHACttOLINE (A2Q) 

A total of 9 subjects was tested with mecholyl alone or with EK 
1729. Several of these subjects Also received other drugs such as 
neostigmine , urecholine, PAMCl, epinephrine by various routes. 
Three (3) subjects were selected far review* representing 331 of the 
test group, 

Although these subjects were tested or treated with several of 
these drugs, as Mil as mecholyl, their vital signs reportedly 
returned to normal and they were all in good condition by the end of 
the testing period* There were no prolonged or delayed effects from 
this drug reported in these subjects* 



SUMMARY OF VOLUNTEER TESTING WITH URECHOLINE <A21) 




A total of 15 subject* was tested with urecholine under various 
conditions, under the (EFP)* Five (5) subjects were selected for 
review t representing 33% of the test group. Selections were based 
upon the following criteria: 

No Treatise nt 
Route; Subcutaneous (5,0 mg) (single dose) 1 subject 

Subcutaneous (5*0 mg) (multiple doae) 1 subject 
Treatment of Multiple_Coppoundi (3 Subjects) 
Subcutaneous (5*0 mg) (FAMCl+ProBtigmirie) 1 subject 

Subcutaneous (5.0 mg) (FrostigmlneH-Curare+PAMCl) I subject 
Subcutaneous (5*0 mg) {Tubocurare+Proatigintne+Atropine) 

1 subject 
EFP were performed before and after administration of the 
drug* ChE was also monitored in some cases* All subjects tolerated 
these procedures very well, and there were reportedly no untoward 
effects of the drugs in any of the subjects tested. 



Routes 












i 



« 



\ 






E 6 



i 



Create PDF with G02PDF for free, if you wish to remove this line, click here to buy Virtual PDF Printer 



I 









APPENDIX F 

EXCERPTS FROM 

BZ DATA 

Contract DA-18-108-405-CML-82 6 

Haielton Laboratories 
Falls Church, Virginia 



CONTENTS 



I* Basic Screening Program 
II* Preclinical Pharmacology Program* 

a. Preclinical Pharmacology Study - Rats 
b* Preclinical Pharmacology Study - Dogs 

c. Preclinical pharmacology Study - Monkeys 
III. Adltional Effort Requirements 

a« Effects on Operant Behavior - Monkeys 

b. Conditional Avoidance Response Test - Dogs 
e. Drug Antagonism Study - Monkeys 

d. Dose Regression Study - Dogs 

e. Pilot Inhalation Study - Monkeys 

f. Modified Positive Reinforcement Schedule 

g. Tentative Positive Reinforcement Schedule 
h. Doss Regression Study - Monkeys 

1. Conditioned Avoidance Response Sensitivity rest - Dogs 
j ■ Sustained Physical Exercise Sensitivity Teen - Dogs 
k- Progress Report on the Nondiscriminated Avoidance 

Response Test 
1. Current Status Summary Report 

m. Visual Discrimination Sensitivity Test - Monkeys 
m. Tolerance Study in the Conditioned Avoidance Response 

Zest - Dogs* 
o. Multiple Stimulus Conditioned Avoidance Response Test - 

Dogs 
p« Progress Report on the Nondiscriminated Avoidance Response 

Teat 
q* Tolerance Study in the Visual Discrimination Test - Monkeys 
r. Progress Report on the Three Stimulus Visual Discrimination 

Test - Monkeys 
e. Antagonism of the Effects of EZ In the Sldman 

Nondiscriminated Avoidance Response Test - Monkey 
t- Tolerance Study In the Sustained Physical Exercise Test - 

Doge 
u. Antagonism of the Effects of BZ in the Sidmaa 

Nondiscriminated Avoidance Response Test - Monkey 
v. Cross -Tolerance Study in the Sustained Physical Exercise 

Test - Dogs 
v* Visual Discrimination Relative Sensitivity Study - 

Monkeys 
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SUMMARY OP ACUTE- AND CHROfflO-TOIXCXn DATA IN VARIOUS MAMMALS 
WITH THE ANTICHOLINERGIC TEST AGENTS (DITRAN, BENACTY2IEE, 
EA 2545, EA 3167, EA 3443, EA 3392, EA 3580, EA 3834, and 226,086) 

by 

! 
Leo G. Abood, Ph.D.* 

Studies were carried out by Lakeside Laboratories (now incorporated 
into Merrill Dow Pharmaceuticals , Inc.) la rodents and dogs. The resulte 
can be summarized as toll owe. 

■ 

TOXICITY 

Acute . The intravenous LD50 for male rati vas 26 mg/kg , and that for 
male mice was 45 mg/kg. 



Chronic * At 8 mg/kg (twice a day) for S trk, there vas no change In 
weight of ratal at 300 mg/kg , there vas a 121 decrease in weight, 
compared with controls. In dogs there was no significant change at 3,75 

mg/kg* 
BLOOD (EATS) 

Ac 300 mg/kg, hemoglobin vas reduced by 81, compared with controls. 
Sedimentation rates Increased by a factor of 3. Then* was a slight shift 
in the lymphocyte-to— neutrophil ratio. Leukocyte count increased by 
about 50% over 8 wk. Terminal red cell count was reduced by 21%. 

mSTOPATHOLOGY 



■■Kto^ 



At 300 mg/kg, very few abnormalities were observed in rats. An 
increase in heart weight occurred In some rats; other organ weights 
remained normal* There were no histopathologic signs at 300 mg/kg; 
occasional alight changes were due to infection. 

In dogs, there were no histopathologic signs attributable to Ditran 
at 37-5 mg/kg (highest dose). The blood picture was essentially 
unchanged. 

OTHER DRUGS 



Acute- and chronic— toxicity teat a were performed by various 
qualified laboratories at Edgewood laboratories on the various test 
agents used in the Edgewood study in human volunteers. Acute toxicity 
was usually studied in mica, rats, cats, dogs, and monkeys to determine 
the LD50 and to observe pharmacologic effects , auch as autonomic 
changes t change a in motor activity, ataxia, prostration! and 
convulsions. All the compounds were similar in the spectrum of their 
pharmacologic effects and differed Mlnly in relative potency and 



^Professor, Center for Brain Research, University of Rochester School of 
Medicine and Dentistry, Rochester, New York 14642. 
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LD 50 . For the most part, their LB 50fl corresponded to centnl 
nervous system potency* 

Chromic, toxicity va* usually studied over a period of a month, 
vith single dally Injections of at least 3 doses of the test agent , 
largest dose being near the LD50* Essentially no gross 



the 

pathologic effects ware noted at any of the doses. Occasionally 

nearly lethal doses, slight changes were observed in the weights 

some organs—liver, heart, spleen* &&d thymus- There were also 
slight changes in blood cells (e»g* P increased leukocyte counts) 
the Paneth cells of the Intestine (decreased counts). 

• ■ 
CONCLUSION 



at 
of 

and 



On the basis of the acuta-* and chronic-toxicity data, the 
agents were deemed to be safe for human trials., particularly for 
acute studies of the type performed et Edgevood. It should be 
noted , however f that no attempt was made to observe any long-term 
behavioral effects, after either acute or chronic drug 
administration. Behavioral studies are difficult to perform, 
requiring a battery of complex operant and psychophysical measuring 

devices. Even with behavioral testing, it is questionable whether 
subtle long-range behavioral changes could be detected in animals p 
particularly in acute studies. 
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APPENDIX H 

EVALUATION OF DATA FROM SHORT-TERM GENETIC TESTING 

OF ANTICHOLINERGIC CHEKICALS 

by 

Virginia C, Duofcel, Ph.D.* 

A number of short-term teats can be used to determine the 
genotoxic potential of chemicals. These teats use both prokaryotic 
and eukaryotlc cells sod measure such end points as gene nutations, 
chromosomal aberrations, and interactions with critical 
macromoleculea. It is widely recognized that no test can detect all 
geno toxic compounds, and multiple end points are required to provide 
a reliable assessment of genotoxiclty* .Information from several 
tests can be combined to reveal two important toxic effects: 
carcinogenesis and mutagenesis* 

There are reports of studies in which short-term teats have 
been used to determine the geno toxic potential of the anti- 
cholinergic compounds 3-quinuclidinyl beoailmte (BZ) t atropine, and 
scopolamine* The objective of this discussion is to evaluate the 
data available on these compounds* to determine whether they are 
geno toxic. Such information would aid in the overall as Be name at of 
the potential of these drugs to produce long- term adverse health 
effects. 

3-QU1NUCLIPINYL BENZILATE 

In the reported studies of (BZ) t the test systems used have had 
three different end points: point mutations, chromosomal 
aberrations, and dominant -lethal effects* 

In the point-mutation studies (1), Bmccharomycea cereylalae wag 
used as the target cell, and the effects of the "chemical were tested 

In a direct in vitro a^say without metabolic activation and in a 
host-mediated modification. In the direct reverse-mutation assay, 
there were increases by a factor of 2-6 in the number of His* 
revertants and by a factor of 2*7 la the number of trp+ revertants 
over the spontaneous frequencies* In contrast, there were no 
reported Increases In the number of Hls + or trp+ re vert ante In 
the host-mediated essay* 

Cytogenetic analyses for chromosomal aberrations were carried 
out on cells from mice (1} and Chinese hamsters (12) treated with BZ 
and on human peripheral lymphocytes (1) treated in vitro. It was 
reported that BZ did not induce translocations and did not increase 
the number of abnormal me emphases in spermatocytes from male mice. 



*Chief . Genetic Toxicology Branch, Food and Drug Administration, 
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With bone narrow cells from treated mice, an increase ii :he 
frequency of abnormal metaphase* was reported, but thert h no 
laf ormatioa on the type of abnormality observed- Similarly y la the 
studies with human peripheral lymphocytes, "aberrant cell a" were 
Observed at a single concentration of BZ (1Q~^ h), but again the 
type of aberration vee not identified. Lover concentrations had 
■bowed no effects* and higher concentrations were reported to be 
toxic* In the studies with bone marrow cells from BZ-tmstod 

Chinese hamsters, Sram (2) reported that there was a dose-related 
Increase in the number of gaps and that the frequency of breaks was 
increased, but not dose-related. That the occurrence of gaps is not 
a useful measure of the elaetogenic potential of a chemical has been 
substantiated in other studies (3). In addition, although it was 
concluded that the frequency of breaks observed was not 
dose-related, It appears from the data that there were increasing 
numbers with Increasing dose, which plateaued and then began to 
decrease at the highest doses tested. 

The final system used in the evaluatin of BZ was the 
dominant-lethal assay (1)* The only effect observed In these 
studies waa a decrease la the fertility of the males at the highest 

doae tested* Such an effect is Indicative only of the toxic effects 
of the test compound. 

Overall, at most a marginal response might be indicated by the 
results of the point-mutation assays with Saccharoaycea cereviaiae 
and the possible presence of cytogenlc effects—breaks in Chinese 
hamster bone marrow cells. The significance of these effects t 
however, la open to question, and further studies are required to 
confirm or negate the original observations. Since these studies 
were reported, a substantial amount of Information has been obtained 
on the predictive capacity of short-term testa, and other assays, 
such as of gene mutation In bacteria and mammalian cells and of 
unscheduled DNA synthesis, might provide a better base of 

Information for reaching a conclusion about the potential 
geno toxicity of BZ- 

SCOPOLAMINE 

The studies reported on scopolamine are also limited and 
inconclusive, even though the capacity to induce DNA damage and 
point mutations In bacteria and chroaoaomiil aberrations in mammalian 
cells has been tested* 

No effects were observed In either the DNA-damage assay (4) or 
the point-mutation assay in Salmonella (5), but the data available 
on neither of these systems can be considered sufficient for 
evaluation. la the DKA-damage assay, the compound was treated at 
only two doses and only in the absence of an exogenous metabolic 
activating system. The teatlng in Salmonella typhimurium (the 
Salmonallamierosome (test), although conducted both with and without 

metabolic activation, was at a single concentration, and only two 
teat strains) were used* In testing of a compound for its ability to 
induce mutations in this assay, it is necessary to use a range of 
concentrations and at leaat four of the five test strains (6). 
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In the studies carried one to determine whether scopolamine had 
the capacity to induce chromosomal aberrations, three different 
types of mammalian cells were used: BeLa and B5C-K cell lines and 
human peripheral leukocytes (?)• No' effects were observed in either 
the human leukocytes or the BSOK cells t but chromatid aberrations 

were observed in HeLa cells at a final IX concentration of the 
compound. The aberrations were gaps and breaks, but there vas no 
evidence of exchange figures, such as translocations. As indicated 
previously, the presence of gaps is not a significant measure of 
clastogenic potential, and the presence of breaks in s single cell 
line does not establish the mutagenic potential of a chemical. 
The available data on scopolamine are Insufficient p and a 
conclusion cannot be drawn as to whether this chemical is 

potentially go no toxic * 

ATROPINE 

As is the case with BZ and scopolamine, reports ire available 
on the testing of atropine for its capacity to induce DM damage and 
point mutations in bacteria and chromosomal aberrations in mammalian 
cells p With one exception, these studies are deficient in one 
respect or another, and no definitive conclusion can be drawn from 
them. The problems include lack of Incorporation of a metabolic 
activation system in assays* In which 1 " 1 the® target cell does not have 
full metabolic capabilities (4,8); lack of a range of doses up to 
and including one at which toxic effects are observed, that reaches 

the level of solubility, or that Is recognised as sufficient for 
testing (4,9); lack of specification of the dose used (10); and 
inclusion of a test method, 4 Induction of chromosomal aberrations in 
grasshopper spermatocytes (11), with which experience in genetic 

toxicology is limited. * < 

In the single study In which there is adequate information, 

McCann et al . (12) reported that atropine does not induce point 

mutations In the Salmonella/micro some assay* The compound was 

tested at up to 5,000 jig/plate, both with and without metabolic 

activation, In teat strains that can reveal both base-pair and 

frameshift mutations. This negative result, however x does not in 

Itself provide sufficient information to Justify a conclusion about 

the ge no toxic potential of the compound* 









CONCLUSIONS 



The lack of adequate data, including test results, and 
limitations in the test systems used preclude a definitive 
assessment of the geno toxic" potential of BZ, scopolamine , and 
atropine. Only through further studies can a conclusion be reached 
about the genotoxic potential of these chemicals. 
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APPENDIX I 
DIGEST REPOK— AKTICHOLlliERGlC CHEKICALS 



Introduction 

Eaters of Tropic Acid 

Studies in Animal s 

Human Data from General Literature 

Human Data from Edgewood Arsenal 



Summary 



Esters of Benzillc Acid 

Introduction 

Data from Experiments with Animal* 

3-Quinuclidlnly Benzllste (B2 or EA 2277) 

Diethylaminoethyl Benzilate 

Effects on Man 

Human Data from Edgewood Arsenal 

Summary 

Estera of Phenylcyclopentylglycollc Acid 

N-Methyl-4-piperidinyl-(phenylcyclopentyl)-glycolate (EA 3443) 
Bitran (CS 4297) 

3-Quinuclidinyl-(phenylcyclopentyl)-glycolste (EA 3167) 
L-2-alpha-Troplnyl-L-(pheny ley elope ntyl)-giyeolate 

£is-2-Me thy l-3-quinuclidinyl-Cphenylcyclopentyl)-gly cola te 
(301,060) 

Esters of Fhenyllsopropylglycolic Acid 

N-Methyl-4-piperidlnyl-(phenyliBopropyl)-glycolace (EA 3834) 
♦-(l-Methyl-l-l^S, fc-tetrahydropyrldinylj-phenyliflopropyl- 

glycolate (302,668) 

Esters of 1-Propynylcyclopentylglycolic Acid 

£-Methyl-4-piperidyl-(phenylcyclobutyl)-glycolate (EA 3580) 

Miscellaneous Esters 

302.282 
302,537 
WIN 2299 

None at er Anticholinergic Compounds 

Bensetioide (CAS 14051-33-3) 
Mepiperphenldol 
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APPENDIX I 

DIGEST REPORT 
ANTI CHOL IMBRGIC CHEKI CALS 

by ■ 
J. Henry Hills,' Ph.D. 

INTRODUCTION 

The Board on Toxicology and Environmental Health Hazards 
of the National Research Council provided 58 reports that are 
related to the administration of anticholinergic compounds to 
human volunteers by personnel and contractors of the Chemical 
Corps Medical Laboratories at Army Chemical Center , Md., and 
itef successor organisations at' Aberdeen Proving Ground, 
Edgewood, Maryland. Those reports recorded studies of the 
responses of humans, mostly men, to 19 individual substances 
and to a mixture of atropine, benactyzine, and the oxime, 
trimedoxime CB4B-4). Two of the 19, benaetlmlde (Dioxotrine) 
and meplperpheoldol (Daretine) , are N-alkylated derivatives of 
piperidlae, but the other 17 are esters* Anticholinergic 
substances not mentioned In these reports , but said to have 
been administered also to volunteers, are 
N^ethyltroplnylphenylcyclopentylglycoiate, 

3-q uinuclldiny 1-1 -hydroxy phenylcyclopenty lace t ate , and 
JN-dlethy lamlnoethylpheny ley clopentylcar boxy late. 

The 17 esters represented in the 58 reports t&entioned 
above belong to seven series of compounds: esters of tropic 
acid t of benzyile acid, of phenyllsopropylglycolic acid, of 
phenylcyciopentylglycolic acid, of 3-<juiouelidinol f of 
N-me thy 1-4-piperldinol p - and of N-diet by laminae thanol - 

Esters of tropic acid occur In nature and have a 
comparatively long history of use as drugs. Atropine 
(DL-hyoscyamine) and Its optical isomers, the D- md 

L-hyoicyamlneSt and scopolamine (L-hyoscioe) and its optical 
Isomer t IHhyoaclne, have been obtained from such plants as 
deadly nightshade ( Atropa belladonna) , jlmeonveed (Datura 
stramonium) , henbane 7 ( Hyoscyamus niger ), faorsenettle ( Solanum 
carolinense) t and various species of Scopolla. Tlie L isomers 
of both esters are more potent than the D isomers. 

Both eaters have peripheral and central anticholinergic 
activitlea; i.e., they Interfere with the actions of 
acetylcholine at peripheral neuroeffector junctions on smooth 
and cardiac muscles and on cells 'of glands that produce 
external secretions and at synapses between some neural 
elements* Scopolamine la especially potent in thi* last 
regard, whereas atropine and L-hyoscyamlne are especially 
effective In blocking the action of acetylcholine at 
peripheral neuroeffector junctions. Even at neuromuscular 

junctions on skeletal muscles, which atropine usually is 
considered not to affect significantly, a sufficiently high 
concentration (10~4 jjj f this drug in vitro caused a 
shortening of the duration of end-plate currents <!}■ 
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Quaternisatlon of these alkaloids remove a much of their 
ability to penetrate into the central nervous system and o 

affect iti functions ► However, the aaae variation in chemical 
structure increases the weak ability of these materials to 
late rf ere with the action of acetylcholine at the no tor end 
plates of skeletal muscle a. 

Toxic psychoses and delirium from ingest ion of atropine 
and scopolamine have been known for many centuries; 
descriptions of the effect* of these drugs antedate by long 
times the recognition of their mechanism of action. For 
example j henbane was recommended in the Ebero papyrus of about 
1550 B.C. for the relief of abdominal distress. 

Altar the first isolation of atropine from plant aaterlal 

in 1832 § the set ions of this group of alkaloids were 

identified rapidly* By 1875. linger (2) was able to give the 
following description (excerpted) of the actions of atropine 
{belladonna}: 






* 



Belladonna employed either internally or 
externally checks or even suppresses the secretion of the 
glands. This at least la true of the mammary, 
sudoriparous and salivary glands, and possibly of other 
glands. 

Its influence on the secretion of the 
submaxillary glands has been fully vcrked out. this 
gland receives branches from the chorda tyro pant nerve 

which la endowed with two seta of fibres, one acting 
immediately on the calls, the other causing the 
blood-vessels to dilate, being vaao-lnhibitory. 
Belladonna acta through the nerves distributed to the 
cells* for after the Injection of atropia. If the chorda 
tympani nerve is irritated, the vessels of the 
submaxillary gland become distended as usual A but the 
gland does not secrets. The paralyzing effect of atropia 
is antidoted by phyaostigma, for after the injection of 
physostigma, irritation of the chorda tympani causes the 
gland to secrete. 

Dropped into the aye, applied to the skin in its 
neighborhood * or taken by the stomach, preparations of 
belladonna vary speedily produce extreme dilatation of 
the pupil* This la one of the moat characteristic 
effects of belladonna, 

k full dose of belladonna product s great dryness 
of the tongue and roof of the mouth , extending down the 
pharynx and Larynx, inducing consequently some difficulty 
in swallowing, with hoarseness, and even dry cough; and a 
large doaa will soma times induce dryness of the 

Schneider! a a membrane, and dryness of the conjunctiva, 
with much injection. 

Belladonna often relieves colic of the 

intestines; and is especially serviceable in the colic of 
children. 

After a considerable doaa of belladonna! the 
fact becomes much f loaned, the eye bright, dry, and 
injected, the pupil dilated, the eight dim and hazy, 
while tha power of accommodation in the eye for 
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distance If lost* The mind and senses ire peculiarly 
affected* The Ideas, at first rapid and connected, 
become Incoherent and extravagant; there is often decided 
delirium, with pleasing Illusions* Sometimes the patient 
Is possessed with constant restlessness, keeps 
continually moving, and cannot be quieted. A hind of 
somnambulism Is occasionally observed; thus canes are 
recorded where, under the Influence of belladonna, the 
patient for a long time performs the movements customary 
to his occupation; thus, it Is narrated of a t&ilor that 
ha sat for hours moving his hands and arms as if sewing 
and his lips as if talking, but without uttering a vord. 

The delirium may be furious and dangerous, 
requiring the patient co be restrained; nay, it is 
recorded of one poisoned by this drug that so violent did 
he become that he vas ordered to be confined in a 
mad-house* 

The first effect of belladonna on the pulne is 
to increase its quickness, fullness! and force to the 
extent even of SO to 60 beats In the minute * • . . 
Meuriot is of opinion that belladonna paralyse* the 
peripheral branches of the vagal nerve, and by this means 
accelerates the heart's action. 

Ringer had this to say about the effects of 
hyoscyamus (scopolamine): 

Thus It produces dryness of the mouth and 

throat, dilatation of the pupil, presbyopia, lightness 

and svimmlng in the head, delirium and hallucinations, a 

drunken gait, and often a strong desire to fight* 

Sometimes there la aphonia, and often sleepiness s with 

oppressive disagreeable dreams* A red rash has been 

observed after large doses. The pulse at first is much 
lessened la frequency but soon recovers Itself, sometimes 

becoming even quicker than before the medicine wan 

taken* 

Hyoscyamus Is generally used to produce sleep 

vhen opium disagrees* It has also been employed in 

neuralgia* 

It vas only after the role of acetylcholine in the 
functioning of the autonomic nervous system, in neuroeffector 
transmission to the various entities Innervated by that system 
and to skeletal muscles (3-11) , and in synaptic transmission 
within some areas of the central and peripheral nervous 
systems (12-17) had been demonstrated that the proximate 
mechanism of action of atropine, scopolamine, and other 
compounds of similar activity could be understood. These 
compounds eeem to attach to the same receptors to which 
acetylcholine usually attaches itself and thus to interfere 
with the ability of acetylcholine to produce change* in the 
properties of cellular membranes. 

The actions of atropine and scopolamine to block synaptic 
transmission within some areas of the central nervous sytem 
and to Induce coma vera applied to the treatment of 
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mental dilute by Forrer (18} end Goldmr (19)* Id 1950, 
Ferrer published an account of a study of 16 schizophrenic 

patients treated intranuacularly with ltrge doses of atropine 
sulfate on 3 days of each week for a long period. The doses 
of atropine sulfate were increased gradually during a course 
of treatment from 20-32 mg to 212 sag, to maintain the 
achievement of unconsciousness, with hyper ref lexla and 
development of the ftabinskl sign, despite a gradually 
developing tolerance to the drug* 

In 1957, Killer at al. (20) reviewed the cases of 206 
mental patients treated in this general way, including 14& who 
had been ill for 2 yr or sore before treatment. At the time 
of that report, the technique was to inject atropine sulfate 
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from ths effect of the drug to be able to eat lunch and take 
part in organised activities in the hospital during the 
afternoon and evening of the same day* Four treatments were 

given each week, instead of the three that had been given 
initially* The desired state of coma was produced within 
30-60 mln of intramuscular injection, and spontaneous 
recovery, with complete clearing of the aeuaorlum, required 
6-9 h after ths injection. Of 206 patients treated, 115 
(55.81) vera considered to have improved motferately or 
markedly, 60 (29. IX) to be unimproved, and 31 (15,01) to have 
improved only slightly* Six months after completion of a 
course of injections, 115 patients (55.61) were a till improved 
moderately or markedly. 

In a series of about 500 patients treated with large 
doss a of atropine, with about 10,000 Individual inductions of 
coma, there was one death (21) * This fatality was attributed 
to the replacement, without notification of the physician, of 
the specially trained nursing and technical personnel on the 
treatment ward with persons who were not thoroughly familiar 
with the proceduree for caring for comatose patients, and 
particularly the procedures for controlling febrile 
react iona. The patient died of uncontrolled hyperthermia. 

Goldner (19) repotted that he had used intramuscular 
doses of 5*50 mg of scopolamine in treating beneficially an 
unspecified number of mental patients, but then had switched 
to atropine because of its greater availability. He reported 
on a group of 20 patienta treated with atrc pine- toxicity 
therapy, 13 {651) of whom were considered to have benefited 
mode rat sly or markedly* Goldner also gave a limited 
comparison of the results of electroconvulsive therapy (ECT) 
and of atropine-toxicity therapy, stating that several 
patienta who had not benefited from ECT improved on 
substitution Of a tro pine-induced coma. 

Wada et al. (22) reported on 51 psychoneurotic and 
psychotic patients treated with Intramuscular injections of 
10-220 mg of atropine sulfate every other duy during a period 
of 3-7 wk. The average dose was 30-50 mg. The longest period 
of observation mentioned in the paper was 6 mo. Of the 51 
patienta, 28 (54.91) were considered to have improved 
detectably. The proportion that improved aaong the psychotic 
patients (53*32) wee smaller than that among psychopathic and 
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psychoneurotic ones (66*71). The greatest alterations in 
symptoms and signs of the patients 1 diseases were la 
psychomotor excitement, hallucination, euphoria, anxiety, 
compulsion, and delusion* Wade et al« stated that 
improvement, when It occurred, began vith the third to the 
seventh injection and increased vith lster inject Ions. If no 
improvement occurred by the tenth injection s It was not likely 
to appear* The authors concluded that atropine- toxicity 

therapy 1a a relatively safe type of shock therapy > but stated 
that It was successful In only about 53.32 of their psychotic 
patients and that its efficacy probably had been overestimated 
by Schvarz (23)* Schwa rz had concluded that 25% of 155 cases 
of pay chone uresis and psychosis had improved markedly vith 
atropine-toxicity therapy and that another 322 had improved 
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Miller et al » (20) described the phenomena experienced by 
patients given large doses of atropine to induce a toxic coma: 

The various stages are passed through quietly 
and comfortably. Neurologically, there are in order* 
progressive muscular incoordination, decreased pain 
sensitivity, and byperref lexia with the development of 

the Bablnskl sign* On the psychological side* ve 
observed clouding of the eenaorium, disorientation t loss 
of time-space relationship, distortion of perception by 
Illusions and hallucinations, confusion, ant coma which 
proceeds to but does not go further than the early fourth 
stage in one and one-half hours after the drug ie 
administered* 

Although, the sensorlum is markedly clouded, there is 
no cessation of psychological phenomena. Patients 
undergoing treatment indicate by their actions , and 
occasionally by word, that psychic processes continue 
even during the coma* Illusions seem to be experienced! 
inasmuch as patients attempt to pick up the bedclothing 

vith their fingers and later report that they *av t and 
attempted to pick up, flowers, bugs, snakes, et cetera. 
Conversations may be held with absent persons— indicative 

of an hallucinatory state. With both atroplne-lnduced 
illusions and hallucinations* highly significant past 
events in the patient's life seem to provide the major 
psychic stimuli. Behavior is correlated vith 
psychological phenomena. Clrcumoral movements, Including 
sucking and illusory "eating" and "smoking," are commonly 
observed* When a sufficient degree of motor coordination 
is retained to accomplish the necessary movement, a 
progresslve t coordinated, and purposeful series of events 
may often be observed* For example, a pantonine of 
striking a match, lighting a cigarette, and subsequently 
of smoking that cigarette is not infrequently observed* 
Affective lability and corresponding rapid alternation of 
facial expressions suggestive of pain, sadness, 
querulousness, and euphoria are commonly observed. 

This clinical experience indicating that even large and 
temporarily incapacitating doses of atropine snd scopolamine 
had no persistent deleterious effects on the health of human 
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beluga made it seem that the administration of other , posutbly 
more incapacitating t anti cholinergic s to human volunteers -'as 
not unethical or immoral if two conditions had been 
fulfilled. These were that a compound to be administered a 
volunteers had been tested adequately in expert mental animals 
to determine that the probability of its having persistent ill 
effects on health was small and that the volunteers had been 
Informed aa fully as possible of the possible effects of the 
compound- Id the cases of compounds that had been 
administered to man previously, the effects could be described 
quite accurately; if the only previous recipients had been 

experimental animals, the description of possible ef fectn had 
to be somewhat hypothetical but usually csuld be reasonably 
accurate. 

Before a discussion of the specific groups of 
anticholinergic compounds, it may be Worth while to have a 
general view of the procedure of the experiments carried out 
with human volunteers at Edge wood Arsenal and followed also by 
contractors* The following description is a composite from 
two sources: a report from Edge wood Arseial (24) and a report 
by a contractor (25). 

feat subjects were selected in two si ages. Groups of 
possible volunteers were acquainted with the general nature of 
the experimental program through a briefing t during which they 
could ask questions about the general conditions and 
procedures of the studies* Those who volunteered to take part 
in the experimental program after this general briefing were 
given thorough medical examination*, including psychologic or 
psychiatric assessment* The volunteers considered acceptable 
for a particular experiment were then given a specific 
briefing and ail opportunity to volunteer to take part in that 
study - 

Tha studies were carried out in air-conditioned areas 
from which hazards of accidental injury had been eliminated a a 

thoroughly as possible (e*g*> glass panelci in doors were 

replaced with wood, electric outlets and cables shielded, and j 

sharp corners padded). Beds and toilet, easing, and 

recreational facilities were provided within the research 

areas. The research was conducted under surveillance of i 

qualified physicians, who administered all Injections or oral ' 

doses of the teat substances* When volunteers were exposed to 

inhalation of vapors or aerosols, the concentrations of these 

substances in the air to he breathed by the subjects were 

established by appropriate personnel- Breathing of the 

contaminated air by the volunteers wee observed and supervised 

by physicians* After an exposure to an agent, the volunteers 

Were observed continuously for 8-24 b, and then Intermittently 

for up to 14 d* In a few cases, followup studies were made 6 

mo or more after the exposure* 
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ESTERS OP TROPIC ACID 

Thil group contains five of the substances said to 
have teen admlniiteted to volunteers, but only three of 
these are mentioned in the 58 reports related to studies 
of the effects of anticholinergic compounds on human 
beings; atropine, scopolamine, and methylscopolammcmlum. 
The other two substances In this group that were 

administered to volunteers are D-hyoscy amine and 
methylatroplnium* Atropine and scopolamine appear, 
respectively, in 18 and 11 reports, whereas 
methylacopolammoniua salts appear In only three* 

Atropine and scopolamine differ only in the batic 
moiety esterified with tropic acid* Scopolamine and the 
hyoscines have an oxygen bridge inserted between the two 
carbon atoms in the dihydropyrrole ring of tropine that 
are not adjacent to the nitrogen atom, forming scoplne, 

whereas atropine and the hyoscy amines have no such 

bridge* The facts that atropine is a racemlc mixture of 
D- and L-hyoscyaminea, that scopolamine is L-hyosciae , and 

that the L forms of both hyoscyamine and hyoacine have 
much greater biologic effectiveness than the D forms mean 
that atropine sulfate, with only 502 of its active Isomer, 
has only about 60S as much active material per unit of 
weight as scopolamine hydro bromide, despite the addition 
of an oxygen atom in the bridge in the latter molecule* 

STUDIES IN ANIMALS 



•mm 



Several relatively recent reviews of the action** and 
potencies of the solanaceoua alkaloids are available 
(26-32) ■ Generally, they give a great deal of information 
about the medically useful or undesirable actions of the 
compounds without dealing with their toxicity in any 
quantitative manner* Table 1-1 contains a summary of 

information on the LDjq doses for experimental animals 
of the five compounds in the group of esters of tropic 
acid, collected from a variety of published sources 
(33*41) and from Internal reports of Bristol Laboratories, 
Lederle Laboratories, Maitby Laboratories, the Squibb 
Institute for Medical Research, Strasenburgh Laboratories, 
the Upjohn Company, and Sterling-Winthrop Research 
Institute* 

Albanus (42) studied the effects of subcutaneous 
injections of 13 anticholinergic compounds on central and 
peripheral cholinergic activities in the dog, recording 
such factors ss the appearance of ataxia and of what he 

called "obstinate progression" (i.e., the failure of the 
animal to pull back after encountering an obstacle in its 
path) , the light reflex of the iris, salivation, and ieart 
rate. The compounds administered to dogs Included 
atropine, scopolamine, and a metbylatropinium salt. A 
dose of atropine st 0*1 mg/kg produced no significant 
alterations in the dogs, but a dose of 0.2 mg/kg prod-iced 
ataxia in three of four dogs and increased their hear: 
rate by 76X. A dose of 0*3 mg/kg made five of five doge 
ataxic and caused three of five to engage in obstinate 
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progression. A dose of 0.5 mg/kg rendered seven c£ seven 
dogs both ataxic and out of contact with the. environment, 
as indicated by obstinate progression* This dose also 
abolished the light reflex of the iris, blocked ©a .1 vat ion 
between 45 and 180 min after the dose, and increased heart 
rats by 89Z , 

Scopolamine was considerably more active than 
atropine In this series of experiments, a dose of 0-03 

mg/kg producing ataxia in six of six dogs and Increasing 
heart rate by 24% • k dose of scopolamine at 0.05 mg/kg 
rendered four of four dogs ataxic and caused them to 
engage in obstinate progression. This dose also resulted 
in abolition of the light reflex of the iris, paralysis of 
salivation between 45 and 135 min after the dose, and a 
59! increase in heart rare* 

The aethylatropinium salt van much less effective 
than either of the native alkaloids. A dose of 2*5 mg/kg 
produced ataxia In none of four dogs. A dose of 10 mg/kg 
Induced ataxia in five of eight dc-gs and obstinate 
progression in three of eight* It abolished both the 
light reflex of the iris and salivation between 45 mi a 
after the dose and the' end of the period of observation, 
at 315 mln after the dose. Doubling that dose induced 

both ataxia and obstinate progression in four of four dogs, 

the only study of the subchronlc toxicity of members 
of the group of esters of tropic acid found is one by Boyd 
and Boyd (43) with atropine. Groups of rabbits were given 
daily intramuscular Injections of atropine sulfate at 
44-118 ag/kg for 100 d* The daily dose required to cause 

death within 100 d was 78+5 mg/kg, whereas that required 
to .cause death within 10 d was 127 + 9 mg/kg* The Boyds 
obtained a relationship between the number (y) of dally 

injections to produce death and th* size of the dally dose 

(x) : log y - 2*35 * 0,343 log x. The principal sublethal 
effects noticed in the rabbits wer* (in the approximate 

order of their appearance)} increased intracolonlc 
temperature* decreased drinking, decreased production of 
urine, and decreased growth. 

Three other papers were related to a special type of 
subchronlc toxicity induced by atropine: alteration of 
cells, embryos, and fetuses exposed to the chemical. 
Ishidate et a l, (44) exposed cultures of fibroblasts from 

Chinese hamsters to atropine sulfate at 250 ug/ml in 
saline for 48 h* At the end of the period of incubation, 
IX of the cells were polyploid* Of cells examined for 
chromosomal aberrations after incubation with atropine for 
24 h| IX had gapi 1 and 1 breaks in their chromosomes* These 
percentages of polyploidy and of chromosomal aberration 
were only slightly greater than those in cultures to which 

plain ■aline had 1 bee n v added- Examination of atropine 

sulfate for carcinogenicity in animals by the method 
specified in Survey of Compounds Which Have Been Tested 
for Carcinogenic Activity (U.S. Public Health Service 
Publication 149) and for mutagenicity in bacteria yielded 
no evidence that atropine had either activity* 

■ 
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Butros (45) explanted 21- Co 22-b chick blutodens 
onto agar-containlng substrates with Atropine it 40-100 
ug/al for 24 h. lias tod eras exposed at 40-80 jig/ml had 
alight but dose-related Injury to the developing neural 
tube* Those exposed at 90 ug/ml had arreated development 
with pycnosis and slight cytolysis of the cell* of the 
brain wall and with somites that were smaller than normal 
and that had slightly opaque cells* Blastoderm s exposed 
at 100 jig /ml had their growth arrested and their brain 
valla wrinkled and folded, the cells evincing early 
cytolysis* In some of these blastoderms, the neural tube 
was completely cytolyzed; In others, the neural tube was 
open at both Its ends* Son© 85% of the embryos had normal 
beating heart tubes; some heart 
primordis were incomplete and had lateral gaps- 

Grunfeld and Balazs (46) reported that pregnant rate 
given daily subcutaneous injections of atropine sulfate at 

0,1 or 0.5 mg/kg-d from day 11 to day 18 of pregnancy had 
low heart rates, hypothermia! and greater than usual 
slowing of the heart by a dose of pilocarpine for about a 

week after the and of administration of atropine - The 
progeny of these rats had tachycardia for 2 wk ifter birth 
and mydriasis for a week after their eyes openec . No 
long-lasting effects on either the dams or the pups were 
reported ■ 

Scopolamine, added to the culture medium it a Petri 
dish at 1 mg/ plate after incubation with micro so mes 
prepared from livers of rats, produced no change in the 
cultural characteristics of Salmonella typhimurium strains 
TA 98 and TA 100 (47). In agreement with this finding of 
nonmutagenicity of scopolamine for bacteria, a study by 
Vrba (48) with He La cells, human leukocytes, and monkey 

renal cells revealed that scopolamine hydrobromlie at a 
final concentration of II in contact with these cells 
Induced aberrations of the chromatids in the HeL-i cells, 
but not in the monkey renal cells or the human 
leukocytes- Vrba concluded that changes in chromatids in 
He La cells do not prove that a chemical is mutagenic in 
man. 

Campbell and Ramirez (49) gave three pregnant rats 
daily Intraperitoneal injections of scopolamine fit 1.2 

mg/kg. Three other groups of two pregnant rats each were 

given nothing other than the usual food and water or daily 
intraperitoneal injections of physiologic saline or 

scopolamine at 2*4 mg/kg- All experimental procedures 
began on the tenth day of pregnancy and were continued 
until parturition* Some of the offspring of these dame, 
when 120 d old, were deprived of water for 16 h and then 
placed in a conflict situation in which they were exposed 
to continuous electric shock of variable voltage whenever 
they tried to drink* The voltage required to inhibit 
drinking was recorded. Offspring of the three da as that 
had received daily doses of scopolamine at 1.2 mg/kg were 
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said to hive tolerated electric shock better than those of 
dams under either of the other regimens* Ho data vert- 
presented* 

Lavallee (50) collected screening data on scopolamine 
with dogs and monkeys for comparison with the data from 
experiments with human volunteers performed at or for 
Edgewood Arsenal* In dogs., the Incapacitating dose of 
scopolamine had been estimated to be leas than 100 mg/k-g- 
In monkeys p with only two animals , only a single dose of 
scopolamine had been used* The incapacitating dose was 
clearly above that dose, which had been 32 jjg/kg* In man, 
the incapacitating dose In 502 of the uubjecta was said to 
he about 10 iig/kg* The agreement between che values far 
man and for the experimental animals was not good. 
Indeed, when « series of seven compounds was examined for 
comparative effectiveness in man and in dogs and monkey a p 
the comparative grading In man did not agree with those in 
the other animals* 

In addition to the more or less standard actions of 
anticholinergic compounds due to their ability to 

interfere with the actions of acetylcholine on muscarinic 
receptors (resulting in acceleration of t;he heart; 
relaxation of smooth muscles in bronchi and bronchioles, 
Intestinal tract, urinary tract , iris and ciliary body of 
the eye* bile ducts and gall bladder* and some cutaneous 
blood vessels; and decrease or abolition of secretion by 
glands of the gastrointestinal tract and skin) r these 
substances may have pronounced effects on the central 
nervous system, as has been mentioned earlier. A large 
amount of research with experimental animals has been 
directed toward elucidation of the basic mechanisms 
involved in these action** 

Much of the research has been oriented around one of 
the basic tenets of pharmacology and toxicology; that a 
chemical entity affects particular structures in the body 
because they contain particular aggregates and 
arrangements of molecules and atoms that establish a 
special affinity between the structures and the chemical 

(51)* As a corollary, the particular aggregate and 
arrangement of atoms in a molecule of a chemical entity 
may condition its affinity for a given site, or receptor. 
Thus, isomeric forms of a molecule may have different 
affinities for a given receptor, as has been found to be 
true for the D and L isomers of hyoscyamlne and hyoscine 
(38)* Also, fairly smell differences between two 
molecules may make extensive differences in their 
abilities to react with particular sites in the body. For 
example, Graham and Lazarus (34) found that 
methylatropiniua nitrate bad approximate Ly the same 
activity as atropine sulfate in preventing cholinergic 
stimulation of isolated rabbit intestine, but that it was 
some 3 times as lethal to mice after intraperitoneal 
injection. They also found that methylai:ropinlum nitrate 
had a more pronounced inhibitory effect on the rabbit 
cardiovascular system than atropine sulfate; this 
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difference between the two compound a certainly contributed 
toj and may explain, the greater lethality of 
methylatropiniuiii nitrate. There are Indications that 
quaternlration of atropine did not alter extensively Its 
affinity for the receptor on intestinal smooth muscle , but 
did Increase the affinity for receptors on component e of 
the cardiovascular system and perhaps other structures. 

Schallek and Smith (52) reported that intravenous 
injection of atropine at 0*01 mg/kg into dogs anesthetized 
with thiopental had do detectable effect on their EEGc or 
their cardiovascular systems, A dose of 0*1 mg/.tg 
increased the predominant frequency In the EEGs of three 
of five dogs and induced tachycardia in two of five* A 
doae of -1*0 mg/kg decreased the predominant frequency of 
the EEGs In four of five dogs and caused hypotension in 
one of five* Still higher doses increased these actions 
and also induced bradycardia. Similar effects by atropine 
and scopolamine In curariaed cats and monkeys hac been 
reported previously (53! 54) t and stimulation followed by 
depression by atropine and scopolamine of maze-running by 
rats had been seen by Hichfc (55)* 

In 1963, Zvirblis and Kondritzer (56) found that 
mitochondria isolated from 0.2 g of brain of young adult 

white rats adsorbed between 8.4 and 12*61 of the 
[^CJatropine in 4 ml of atropine solutions vith 
concentrations of 0*063-0*500 ug/al- When the 
mitochondria isolated from 0.4 g of brain were immersed in 
the same concentrations of atropine, the adsorption vas 
bet veen 8.0 and 13.51. If the lover of the last r.vo 
values Is erroneous (it was obtained with the second 

lowest concentration of atropine) and the correct value 
should be about 13,31 between the values for the lowest 
and the next higher concentrations, the range of 
adsorption by the larger amount of mitochondria would be 
11*4-13.51. Even vith substitution of the hypothetical 
value In the second aeries, increasing by 10QZ the mass of 
brain substance represented by the isolated mitochondria 
seems to have increased the adsorption of atropine by no 
more than a mean of about 132* Aggregation of 
mitochondria in the higher concentration of these 
organelles may have reduced the effective surface for 
adsorption of atropine* In these experiments, Zvirblis 
and Kondritzer found also that 3-quinuclidinyl benzllate 
was adsorbed by mitochondria 2.6-3*3 times as avidly as 
vas atropine . 

In 1973 t Farrow and O'Brien (5?) performed a utudy 
somewhat similar to that of Zvirblis and Kondritzer, using 

atropine and muscarona aa the adsorbates and various 

fractions isolated from a homogenste of rat brain n the I 

adsorbents. They found that both adsorbates — but cot 
decamethonium, dimethyltubocurarlne. or nicotine — here 
bound reversibly on mitochondria in a crude fraction. 
Huacarone vas bound to the extant of only about 0-37 times 
the binding of atropine. Atropine bound especially to 
fractions that consisted of presynaptic and post synaptic 
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membrane*, membranes of uncertain origin, micro gomes, ind 
eyaaptosomes* It bound also to homage na tee of liver a 
to mitochondria prepared .from liver, but noc to 
homoge nates of lung or kidney. Muscat one had a slmil.i - 
pattern of binding to various fractions, except that it 
did not bind to mitochondria from liver, 

Hiley and Burgea (58) used [ 3 H)propylbeazilyl- 
cholins mustard as a model muscarinic agonist to examine 
the concentrations of muscarinic receptor in various 
regions of dog brain* Sy nap to somes and membranes prepared 
from the head of the caudate nucleus * the pro real gyrus, 
the uncinate gyrus* the suprasylvlan gyrus, the lingual 
and suprasplenlai gyri, and the anterior sylvian gyrus had 
the largest uptakes of the. model agonist, whereas those 
prepared from the dorsal i and ventral halves of the lumbar 
spinal cord, the subcortical white matter, the pes 
pedunculi, the corpus cailosum, and th.? cerebellar cortex 
had the smallest uptakes. 

Hiley and Burgen (58) measured al.»o the choline 
acetylase and acetylcholinesterase activities of selected 
areas of the brain, in an attempt to determine whether the 
concentration of muscarinic receptors In a location was 
related to either of these enzyme activities. The amount 

of the labeled propylbenzllylcholine mustard bound was not 
well correlated with either the choline* acetylase or the 
acetylcholinesterase activity; there wi..s a modest 
correlation between binding of the model agonist by 
tynaptosomss and membranes prepared frcm nine areas of 
brain and the choline acetylase activities of the same 
areas, but It was far from precise. 

Burgen et al . (59) determined that hyoscine was 10 
times as active as atropine in vitro Id reducing the 
uptake of {3H]propyibenzilylcholine mustard by 
synap to somes from rat cerebral cortex. A methylatropinium 
salt was only slightly less active than atropine! but had 

a very flat dose-action curve; an increase in its 
concentration by a factor of 10 increased the percent 
change in uptake of the propylbeasllylcholine mustard only 
from 64Z to 671, These investigators also reported that 
the muscarinic receptor in cerebral cortices of the mouse, 

the guinea pig p the dog, the pig, and tne macaque behaved 

very similarly to that la the rat. 

In 1974, the finding of Zvirblia aid Kondritzer (56) 
of a particularly large affinity of the muscarinic 
receptors in brain far 3-quiuuclidlnyl >enzUate was 
applied to the assay of the quantity of muscarinic 
receptor in a sample of tissue (60 t 61).. Intramuscular 
injection of atropine 30 min before intravenous injection 

of [^H]3-quinuclidinyl be nil late decreased the blading 
of the quinuclldinyl beazilate in various regions of the 
brain. Although the corpus striatum hac; the highest 
uptake of the labeled substance, the cerebral cortex was 
not far behind* The percent decreases by atropine in the 
uptake of the ligand were approximately equal for the 
corpus striatum and the cerebral cortex. The hippocampus, 
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which came next In magnitude of benxilate binding, vas 
Also next In magnitude of the change In binding of the 
benxilate caused by atropine- Indeed , in the *lx-merabered 
•eriea of corpus striatum f cerebral cortex ¥ hipsocampug, 
hypothalamus, pons-medulla oblongata 9 and cerebellum, 
there was complete agreement in rank order for benxilate 
binding and reduction by atropine of benxilate binding. 
Ad mini strati on to rats of mecamylamine , phenobarbltal, or 
L-di hydroxy phenylalanine before intravenous injection of 
pH] 3-quinuclidinyl benxilate bad no effect on benzllate 
binding in the six areas of the brain. 

In thees experiments, the highest concentration of 

labeled benxilate bound to protein was in the ni r.roflamA 1 

fraction of a homogenata of whole brain, and the next 
highest vas In the mitochondrial fraction, the protein of 
the microsomal fraction binding nearly 2.5 times as much 
of the label as that of the mitochondrial fraction* The 
protein of the nuclear fraction bound only about 
one-twelfth as much of the labeled benxilate as that of 
the microsomal fraction and about one-fifth as much as 
that of the mitochondrial fraction- The muscarinic 
receptor subatance(s) in the rat brain appears tt- be 
fairly generally distributed in membranes of subcellular 
components and to be localized especially In the corpus 
striatum, the cerebral cortex, and the hippocampus, the 
last of these three binding nearly 3 times aa high a 
concentration of labeled be nz Hate as the next moat active 
structure in auch binding, the hypothalamus. 

Because both muscarinic anticholinergic agonistic 

drugs (scopolamine, lsopropaaide, and atropine) aid 
muscarinic agonistic drugs ( oxotremorine , acetylcholine, 
me th acaoll ne) , but not nicotinic anticholinergic drugs 
( me camy lamina, baxaae thonium , and D-tubocursrine) or 
nicotinic agonistic drugs (dime thy lphenylplperaziniua and 
nicotine), a trongly^ inhibited the binding of labeled 

benxilate by homogenatma of rat brain, binding of this 
compound vaa proposed aa am indicator of the presence of 
muscarinic receptors in particular brain a true t urea. In 

the nine -members d aeries of corpus striatum, cerebral 
cortex, hippocampus, superior- Inferior colllcull, 
pons-midbrain, thalamus, hypothalamus, cervical 
cord-medulla oblongata, and cerebellar cortex, Yamimura 
and Snyder (61) found, as had Hlley and Burgen (58) tflth 
binding of labeled propyl be nzilylc holloa mustard, that 
binding of labeled benxilate vaa not veil correlated with 
either the choline acstylaee or the cholines t erase 
activity of the particular region, but vaa slightly better 

correlated vifch choline acetylase activity than with that 
of cholines t erase* Farrow and O'Brien (57) had concluded 
that binding of labeled atropine to various subcellular 
components of the rat brain could not be accounted for by 
binding to acetylcholinesterase. 

Farrow and O'Brien (57) had found alao that 
scopolamine vas a much more potent inhibitor of the 
binding of labeled atropine to synaptic membranes than a 
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variety of nicotinic anticholinergic and agonistic drugs; 
the next most active inhibitor used by these investigators 
had been carbamylcholiue chloride,, found by Yamanmra and 
Snyder (56) to be less effective than acetylcholine and 
me tha choline in reducing binding of labeled 

3-quInuclidinyl bencllate* 

In later work, Snyder's group (62 ,.63) used 
autoradiography to determine more precisely the locations 

of binding of [^H] 3^quinuclidinyl benrllate within the 
various regions studied earlier* In the cerebral cortex, 
the most active areas of benzilate binding were the 

occipital cortex and the cortex of the cingulate gyrus. 
The cortex In the piriform area was less active In this 
regard, and that of the frontal pole still less so. In 
the hippocampus, three strata of tie archipallima were 
found to have approximately equal abilities to bind 
3-quinuclidinyl benzllate. but the white matter of the 
alve.ua had much less activity of this sort. The striate 
body also had high blading activity for this ligand, which 

was particularly striking in the autoradiography because 
of the comparatively low binding activity of the adjoining 
globus pallidas. Thalamic and hypothalamic nuclei had low 
binding activities for 3-qulnuclidioyl benzllate similar 
to those of the Inferior and superior colllcull. Still 
lower In activity in binding this ligand were cerebellar 
cortex, medulla oblongata -'pons, and the cerebral 
peduncles* Nerve tracts— e*g# p the optic chiasms, the 
cervical spinal cord, and the corona radiata— had the 
lowest binding activities evaluated by Snyder et_ al . 

On the basis of the research outlined In the 
preceding paragraph, one would expect anticholinergic 
compounds to produce changes in affect and motor and 
autonomic regulatory activities. Krieger (64) has found 
that a dose of atropine that was sufficient to block the 
clrcadian increase in the plasma concentration of 
17-hydroxycortlcos ceroids during tha night did not prevent 

stimulation of secretion of 17-hydroxycorticosteroids by 
the adrenal cortex af tar administration of ACTH or of 

stressors, such as Insulin and piromen. Thus, the effect 
of atropine seems to have been exerted not on the adrenal 
cortex, but rather on the pituitary, the controller of 
activity by the adrenal cortex through modifiable release 
of ACTH. 

Pa ton and Sang (65), building on indications in 
previous papers (66-69) that atropine antagonized the 
action of acetylcholine in tissues by combining reversibly 

with specific rsceptari , found evidence of the existence, 

In the longitudinal muscle of the small intestine of the 
guinea pig, of two binding sites for atropine with 
different capacities for It. The equilibrium constant for 
binding atropine amounted to slightly more than 5.01 x 
10"? H, or about 1,180 pmol/g of muscle. For 
me thy la tropin! urn salts, binding seemed to be to one site 
with reasonably definite binding properties and to an 
ill-defined aeries of other sites with much higher 
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